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(54) Radiation delivery catheter with reinforcing mandrel 



(57) The invention is directed to a rapid exchange- 
type intravascular catheter suitable for maintaining pa- 
tency of a body lumen for a period of time sufficient to 
permit delivery of a radiation source to the body lumen. 



The catheter utilizes a reinforcing mandrel to improve 
the pushability and strength of the catheter as it tracks 
along a guide wire, and permits blood flow through an 
inflatable member while radiation therapy is being pro- 
vided. 
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Description 

BACKGROUND OF THE INVENTION 

This invention generally relates to intravascular 
catheters for treating a portion of a body lumen with ra- 
diation and particularly to a rapid exchange type intra- 
vascular catheter suitable for delivering a radiation 
source to the body lumen which utilizes a reinforcing 
mandrel to improve the pushability, strength and track- 
ability ol the catheter as it moves along a guide wire. 

In percutaneous transluminal coronary angioplasty 
(PTCA) procedures : a guiding catheter having a pre- 
shaped distal tip is introduced percutaneously into the 
cardiovascular system of a patient through the brachial 
or femoral artery and is advanced therein until the pre- 
shaped distal tip is disposed within the aorta adjacent 
to the ostium of the desired coronary artery. The guiding 
catheter then is twisted and torqued from its proximal 
end to turn its distal lip so that il can be guided into the 
coronary ostium. In an over-the-wire dilatation catheter 
system, a guide wire and a dilatation catheter having an 
inflatable balloon on the distal end thereof are intro- 
duced into, and advanced through, the proximal end of 
the guiding catheter to the distal tip of the guiding cath- 
eter seated within the coronary ostium. The distal tip of 
the guide wire usually is shaped (Le. , curved) by the phy- 
sician or one of the attendants manually before it and 
the dilatation catheter are introduced into the guiding 
catheter The guide wire usually first is advanced out of 
the distal end of the guiding catheter and is maneuvered 
into the coronary vasculature of the patient at the loca- 
tion of the stenosis to be dilated, and then is advanced 
beyond the stenosis. Thereafter, the dilatation catheter 
is advanced over the guide wire until the dilatation bal- 
loon is positioned across the stenosis. Once the dilata- 
tion catheter is in position, the balloon of the catheter is 
filled with radiopaque liquid at relatively high pressures 
(e.g. , generally about 4.05 to 18.23 bars (4 to 1 8 atmos- 
pheres)) to inflate it to a predetermined size (preferably 
the same as the normal inner diameter of the artery at 
that particular location) in order to radially expand the 
lumen at the stenosis, thereby increasing the effective 
diameter of the occluded artery. The balloon can then 
be deflated so that the catheter can be removed and 
blood flow resumed through the dilated artery. 

A rapid exchange-type catheter has a relatively 
short guide wire-receiving sleeve or inner lumen (some- 
times referred to as a "rail*) which extends a short dis- 
tance through the distal portion of the catheter body. 
This inner lumen preferably extends approximately 10 
cm, and typically about 30 to 40 cm, from a first guide 
wire port at the distal end of the catheter to a second 
side guide wire port located on the catheter body. In 
some catheters, the 'rail" can be much smaller than 10 
cm, especially when the side guide wire port is located 
distal to the inflation balloon. The catheter can be ad- 
vanced within the vascular system in much the same 



fashion as described above, as the short, inner sleeve 
of the catheter slides along the length of the guide wire. 
Alternatively, the guide wire first may be advanced with- 
in the patient's vasculature until the distal end of the 
s guide wire extends distally of the stenosis, with the cath- 
eter then being mounted onto the proximal end of the 
in-place guide wire and advanced over the guide wire 
until the balloon portion is positioned across the steno- 
sis. This particular structure allows for the rapid ex- 
change of the catheter usually without the need for an 
exchange wire or adding a guide wire extension to the 
proximal end of the guide wire. Other over-the-wire or 
rapid exchange catheters also can be designed to utilize 
therapeutic or diagnostic means in place of the balloon 
in the description above. 

One common problem that sometimes occurs after 
an angioplasty procedure has been performed is the de- 
velopment of restenosis at, or near, the original site of 
the stenosis. When restenosis occurs, a second angi- 
oplasty procedure or even bypass surgery may be re- 
quired, depending upon the degree of restenosis. In or- 
der to prevent the need to perform bypass surgery or 
subsequent angioplasty procedures, various devices 
and procedures have been developed for reducing the 
likelihood of development of restenosis after arterial in- 
tervention. For example, an expandable tube (common- 
ly termed a "stent") designed for long term implantation 
with the body lumen has been utilized to help prevent 
restenosis. By way of example, several stent devices 
and methods can be found in commonly assigned and 
commonly owned U.S. Patent Nos. 5 : 158.548 (Lau et 
al); 5,242,399 (Lau et al); 5 r 344,426 (Lau et al); 
5,421,955 (Lau et al.); 5,514,154 (Lau et al.); and 
5,360,401 (Turnlund et al.). 

More recent devices and procedures for preventing 
restenosis after arterial intervention employ the use of 
a radiation source to minimize or eliminate proliferation 
of cells, which proliferation is thought to be a major factor 
in the restenotic process. Balloon catheters have been 
suggested as a means to deliver and maintain the radi- 
ation source in the area where arterial intervention has 
taken place, exposing the area to a sufficient radiation 
dose to abate cell proliferation. Two devices and meth- 
ods are described in International Application Publica- 
tion No. WO 93/04735 (Hess) and WO 95/1 9807 (Wein- 
berger). Other devices and methods which use radiation 
treatment delivered by an intravascular catheter are dis- 
closed in commonly-owned and assigned co-pending U . 
S. Serial No. 08/654,698, filed May 29, 1996, entitled 
Radiation-Emitting Flow-Through Temporary Stent. An- 
other medical device for the treatment of a body lumen 
by radiation is disclosed in European Patent Application 
No. 0 688 580 Al (Schneider). 

In the Schneider device, the balloon catheter in- 
cludes a lumen that extends from a proximal opening to 
an area near the distal end of the catheter, where it 
"dead ends." This lumen, known as a "blind" or "dead 
end* lumen, is intended to carry a radioactive tipped 
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source wire that slides into the lumen once the catheter 
is in place in the artery or body lumen. When the source 
wire is positioned, the radioactive section at the distal 
tip lies near the dead end to provide radiation to the body 
lumen. 

The balloon catheter in the Schneider reference uti- 
lizes rapid exchange technology in which the catheter 
has a distal end guide wire port and a side guide wire 
port distal to the balloon portion of the catheter This al- 
lows for rapid advancement and replacement of the 
catheter along the guide wire. Since the length of cath- 
eter which glides along the guide wire is relatively short, 
problems in shaft rigidity and tracking through tortuous, 
distal arteries can be encountered. What has been 
needed and heretofore unavailable in catheters which 
provide treatment of the body lumen with a radiation 
source is an intravascular catheter which utilizes rapid 
exchange technology and has small transverse dimen- 
sions, yet provides adequate pushability and trackability 
lor advancemenl deep into the coronary arteries and 
across tight stenoses. Such an intravascular catheter 
would have to be relatively easy and inexpensive to 
manufacture. Additionally the radiation source which is 
to be utilized should be protected from any contact with 
the patient's bodily fluids, so as to permit multiple use 
of the source. An additional potential need is to provide 
blood perfusion distal of the lesion during the radiation 
process. 

SUMMARY OF THE INVENTION 

Preferred embodiments of this invention provide im- 
proved pushability and trackability over a guide wire of 
a rapid exchange type intraluminal catheter system 
which can provide a delivery path for a radioactive 
source which is centered within the lesion for a period 
of time sufficient to permit delivery of radiation to the 
body lumen. The increase in trackability and pushability 
is achieved by using an appropriately tapered reinforc- 
ing mandrel disposed within the catheter body which 
provides the benefits of increased pushability and 
strength associated with fixed wire catheters with the 
advantages of tracking over a guide wire as provided by 
over-the-wire-type catheters. 

One catheter system embodying the invention gen- 
erally comprises an elongated catheter body having 
proximal and distal ends, a guide wire lumen extending 
through a portion of the catheter body, a first guide wire 
port in the distal end of the catheter body and a second 
guide wire port spaced a short distance from the distal 
end of the catheter body, with both of these guide wire 
ports being in communication with the guide wire lumen. 

A blind lumen disposed in the elongated catheter 
body from or near the proximal end of the catheter body 
and terminating at a position near the distal end is adapt- 
ed to receive a radiation source wire which provides the 
radiation dosage to the desired area in the body lumen 
of the patient. This blind lumen (or "dead end" lumen) is 



sealed to prevent entry of the bodily fluids, such as 
blood, into the blind lumen, and serves as a sterile bar- 
rier between a non-sterile source wire and the patient. 
This blind lumen allows advancement of a radiation 

s source wire from the proximal end of the catheter body 
to a location near the distal end of the blind lumen and 
within the inflatable member of the catheter. When the 
inflatable member is expanded into contact within the 
body lumen, the radiation source wire will be centered 

10 in the body lumen to provide a radiation dose which can 
be distributed most evenly. The catheter also may per- 
mit perfusion of blood flow past the inflatable member 
during the administration of the radiation dosage, there- 
by allowing longer periods of radiation exposure. As a 

75 result, lower levels of radiation can be used for longer 
periods of time to provide the necessary dosage. 

An inflatable member, such as a balloon, may be 
provided on the distal section of the catheter body which 
has an interior in fluid communication with an inflation 

20 lumen which extends from the proximal end of the cath- 
eter body. 

A reinforcing mandrel is disposed within the elon- 
gated catheter body for increasing the pushability and 
stiffness of the catheter body as it is tracked along a 

25 guide wire. The portion of the mandrel which extends 
into the distal portion of the catheter body (e.g. , about 
the distal 10-50 centimeters of the catheter body) has a 
smaller transverse dimension than the proximal portion 
of the mandrel. This provides flexibility in the distal por- 

30 tion of the catheter body, which enters into the coronary 
artery, and allows the catheter to track over the guide 
wire while maintaining excellent pushability. In this man- 
ner, the catheter has the advantage of tracking over a 
guide wire as in a conventional over the wire system 

35 while having the strength and pushability of a fixed wire 
catheter. 

The inflation balloon is configured to be flexible so 
that it can be expanded on a curved portion of a body 
lumen, such as a coronary artery It also is configured 

40 to center the radiation source wire within the body lu- 
men, even if the expandable region is positioned on a 
curved section of the body lumen. 

An intravascular catheter embodying the invention 
allows for an over-the-wire delivery for the advancement 

45 thereof of the elongated catheter body to a location with- 
in a body lumen where the radiation dose is to be ad- 
ministered. The reinforcing mandrel provides additional 
pushability which is particularly suitable for dilating dis- 
tal stenoses within small diameter coronary arteries and 

50 across tight lesions. 

In one particular embodiment of the present inven- 
tion, the reinforcing mandrel can be disposed within the 
blind lumen of the catheter body from which it can be 
removed once the catheter has been placed in the par- 

55 ticular body lumen where the radiation therapy is to be 
provided. After the catheter is in place, the reinforcing 
mandrel can be removed from the blind lumen, allowing 
the radiation source wire to be inserted into the blind 
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lumen and positioned in the area where the radiation is 
to be provided. Alternatively, the reinforcing mandrel 
can be permanently fixed within the catheter body by 
firmly securing the proximal end of the mandrel within 
an adapter mounted on the proximal end of the catheter 
shaft. • 

These and other advantages of the present inven- 
tion will become more apparent from the following de- 
tailed description thereof when taken in conjunction with 
the accompanying exemplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational view, partially in cross-sec- 
tion, of an intravascular catheter of rapid exchange de- 
sign embodying features of the present invention. 

FIG. 1A is a cross-sectional view of the inflatable 
member of the catheter of FIG. 1 , showing the inflatable 
member in its unexpanded position as it would be placed 
within a curved section of artery where a radiation treat- 
ment is to be provided. 

FIG. 1B is a cross-sectional view of the inflatable 
member of the catheter of FIG. 1 , in which the inflatable 
member is expanded within the curved section of artery 
thereby centering the radiation source wire within the 
artery. 

FIG. 2 is a cross-sectional view of the catheter of 
FIG. 1 taken along lines 2-2 (as shown in FIG. 1A). 

FIG. 3 is a cross-sectional view of the catheter of 
FIG 1 taken along lines 3-3 (as shown in FIG. 1 A). 

FIG. 4 is an cross -sectional view of an embodiment 
of an intravascular catheter of rapid exchange design 
embodying features of the present invention. 

FIG. 5 is a cross-sectional view of the inflatable 
member of an embodiment of rapid exchange design 
embodying features of the present invention. 

FIG. 6 is a cross-sectional view of the intravascular 
catheter of FIG. 5 taken along lines 6-6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention provide a 
rapid exchange type intravascular catheter for deliver- 
ing and maintaining a low dose radiation source to a 
body lumen of a patient, such as a coronary artery, for 
a specified period of time. The catheter assembly in- 
cludes a reinforcing mandrel which provides excellent 
pushability and strength to the catheter as it tracks over 
a guide wire, while still providing sufficient flexibility for 
trackability in the distal region of the catheter. While one 
embodiment is described in detail as applied to the cor- 
onary arteries, those skilled in the art will appreciate that 
it also can be used in other body lumens as well, such 
as peripheral arteries and veins. Where different em- 
bodiments have like elements, like reference numbers 
has been used. 

FIGS. 1-3 illustrate an intravascular catheter as- 
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sembly 10 embodying features of the invention. The 
catheter assembly 10 generally includes an elongated 
catheter body 11 with an inflatable member such as an 
inflatable balloon 12, on the distal portion thereof and 
5 an adapter 1 3 on the proximal end thereof. An inflation 
lumen 16 terminates at the proximal end of the balloon 
12 and is in fluid communication with the interior of the 
balloon. 

The elongated catheter body 11 includes a guide 
wire lumen 1 4 positioned in the distal portion of the elon- 
gated catheter body 11 which extends from a first side 
guide wire port 1 5 at the distal end of the elongated cath- 
eter body 11 and a second guide wire port 17 located in 
the side wall of elongated catheter body 11. Both of 
these guide wire ports 15 and 17 are in fluid communi- 
cation with the guide wire lumen 14. A guide wire 18 is 
slidably disposed within the relatively short guide wire 
lumen 14 to facilitate the rapid advancement and re- 
placement of the catheter assembly 10. Further details 
of rapid exchange catheters can be found in U.S. Patent 
Nos. 5,458,613; 5,180,368; 5,496,346; 5,061,273; and 
4,748,982. 

A blind lumen 19, which is provided within the cath- 
eter body 11 , extends from the proximal end of the cath- 
eter body to a location near the distal end of the inflat- 
able balloon 1 2. This blind lumen 1 9 is closed off at its 
distal end 20 to seal it from entry by any body fluids such 
as blood, and to provide a sterile barrier between a 
source wire (which can be reusable and non-sterile) and 
the vascular system of the patient As can be seen in 
FIG. 1, a reinforcing mandrel 21 is disposed within the 
blind lumen for improving the pushability and strength 
of the catheter assembly as it tracks over the guide wire 
18. A small ball 22 may be formed at the tip of the rein- 
forcing mandrel 21 to prevent the mandrel 21 from pierc- 
ing the distal end 20 of the blind lumen 19. 

After the catheter is positioned, the mandrel 21 can 
be removed from the blind lumen 19 and a radiation 
source wire 23 can to be inserted into the blind lumen 
19 for a period of time sufficient to provide the radiation 
dose to the body lumen, as is depicted in FIG. 1B. Pref- 
erably, the radiation source wire 23 is holbw at its distal 
end and contains a radiation dose in the form of a radi- 
ation source 24, such as pellets, radiation gas, or radi- 
oactive liquid or paste. Radiation source wire 23 also 
may have a radioactive source coated on its distal end. 
The radiation source wire provides the necessary dos- 
age of radiation to the areas of the artery 25 where ar- 
terial intervention has been performed (either by PTCA, 
atherectomy, stent ing or other means) to help abate the 
growth of cells in this region. 

Guide wire 18, which is slidably disposed within the 
guide wire lumen 1 4, has a coil 26 on its distal end which 
is shown in FIG. 1 extending out of the first guide wire 
port 15 and an elongated core member 27 which is 
shown extending out of the second guide wire port 17, 
as would be utilized in a rapid exchange mode. An in- 
cline or ramp 28 is provided at the proximal end of the 
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guide wire lumen 14 at the entry way of the second guide 
wire port 17 to facilitate the insertion and withdrawal of 
the guide wire 18 therethrough. 

In the embodiment shown in FIGS. 1 -3, the distance 
between the distal end 29 of the inflatable balloon 12 5 
and the guide wireiport 1 5 should be about 3 to 10 cm, 
but not greater than 60 cm, and preferably from about 
20 to about 50 cm, so that when the balloon is expanded 
within the vascular system, the guide wire port 17 of the 
elongated catheter body 11 will remain within the interior 
of a guiding catheter to ensure that the guide wire 18 
does not have the opportunity to form a loop when the 
catheter assembly 10 is pulled back into the guiding 
catheter to remove it from the patient. 

Generally, the dimensions of the catheter assembly 
are essentially the same as the dimensions of vascular 
catheters used in angioplasty procedures. The overall 
length of the catheter may be about 1 00 to 1 75 cm when 
a Seldinger approach through the femoral anery is em- 
ployed. The diameter of the catheter body may range 
from about 0.76-1.65 mm (about 0.030 to 0.065 inches). 
The balloon 1 2 in the unexpanded condition has approx- 
imately the same diameter as a catheter body, but may 
be expanded toa maximum diameter of about 1 to about 
5 mm, for coronary arteries, and to a substantially great- 
er diameter, e.g. , 1 0 mm, for peripheral arteries. The di- 
ameter of the guide wire lumen 1 4 should be sufficiently 
larger than the diameter of the guide wire 18 so as to 
allow the catheter to be easily advanced and removed 
over the guide wire. Additionally, the diameter of the 
blind lumen 19 should be sufficiently larger than the di- 
ameter of the reinforcing mandrel 21 or the radiation 
source wire 23 so as to allow these two devices to be 
easily advanced and removed from within the blind lu- 
men 19. . 

In the preferred method of delivering a radioactive 
dose toa coronary artery, the guide wire 18 is positioned 
across the portion of the arterial passageway where a 
PTCA or atherectomy procedure has been performed. 
The proximal end of the guide wire is advanced through 
the interior of the guide wire lumen 14 through the first 
guide wire port 1 5 and then outside of the second guide 
wire port 17. The catheter then is advanced over the 
guide wire through a previously positioned guiding cath- 
eter to a desired location within the blood vessel, usually 
where a prior vascular intervention procedure has been 
performed. A tapered reinforcing mandrel 21 is dis- 
posed within the calheler body, usually in the blind lu- 
men 19, in order to provide additional pushability and 
strength, along with appropriate distal flexibility for track, 
as the catheter is advanced over the guide wire to the 
desired location in the artery 25. Initially, the inflatable 
balloon 12 is in its unexpanded position to allow the 
catheter to reach the particular area in the artery 25. De- 
pending upon the particular design utilized, the ball 22 
on the end of the reinforcing mandrel 21 may come in 
contact with the distal end 20 of the blind lumen 19 to 
provide an additional pushing force as the catheter 



tracks along the guide wire into the tortuous and narrow 
passageways of the artery. 

Once the catheter reaches the desired location, the 
inflatable balloon 12 is expanded, as shown in FIG. 1B, 
with the walls 31 of the inflatable balloon 12 coming in 
contact with the wall 32 of the artery 25. The reinforcing 
mandrel 21 can be removed from the blind lumen 19 
before or after inflating the balloon. The radiation source 
wire 23 can then be inserted into the proximal end of the 
blind lumen 19 and advanced until the radiation source 
24, located near the distal end of the radiation source 
wire 23, is positioned in the region that is targeted to 
receive the radiation dose. The inflatable balloon 12 is 
held in an expanded condition for a time sufficient to al- 
low the radiation dose to affect those cells which other- 
wise would cause restenosis to develop. Preferably, a 
sufficient dose of radiation can be delivered from about 
one minute to about sixty minutes to prevent develop- 
ment of restenosis. In its expanded condition, the inflat- 
able balloon presses against, or at least comes in close 
proximity to, the walls of the artery, and in so doing, cent- 
ers the radiation source wire within the artery. Centering 
of the radiation dose is important so that all portions of 
the artery receive as close to uniform and equal 
amounts of radiation as possible. Also, centering helps 
prevent radiation burns or hot spots from developing on 
portions of the target area. 

After the radiation dose has been administered to 
the body lumen, the radiation source wire 23 can be re- 
moved, the inflatable balloon 1 2 deflated, and the entire 
catheter assembly 10 withdrawn from the vasculature 
of the patient. 

Multiple support collars 33 located on the outside of 
the inflatable balloon 1 2 divide the balloon into individual 
sections 34 which help center the catheter shaft with the 
balloon, assuring that an equal amount of a radiation 
dosage is provided to the body lumen. These individual 
sections 34 also assist in the centering of the balloon 
and radiation source wire 23 when the target area is at 
a curved portion of the vasculature, again helping to 
maintain an equal dosage to the body lumen. Alterna- 
tively, a series of short balloons may be formed individ- 
ually and heat-sealed (or adhesively attached) to the 
catheter shaft without the need for collars 33. Still an- 
other option is to form a senes of short balloons on a 
single tubing, which tubing then is appropriately sealed 
to the catheter shaft. 

Preferably, the portion of the mandrel 21 which ex- 
tends into the distal portion of the catheter has smaller 
transverse dimensions than the proximal portion of the 
mandrel. The smaller diameter portion of the mandrel 
which extends into the distal portion of the catheter body 
preferably has transverse dimensions at least 20 per- 
cent less than the transverse dimensions of the proximal 
portion of the mandrel. This provides flexibility in the dis- 
tal portion of the catheter and allows the catheter to track 
over the guide wire while maintaining excellent pusha- 
bility 
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In some instances, the reinforcing mandrel may be 
permanently fixed or enclosed within the catheter body, 
or it may be removable. The mandrel can be fixed within 
the catheter body by suitable means such as firmly se- 
curing the proximal end of the mandrel within the adapt- 5 
er 1 3 mounted on the proximal end of the catheter body. 
Also, the mandrel may have several sections which 
have sequentially smaller diameters (sequentially 
smaller diameters in the distal direction) which can be 
provided with tapers between the various-sized sec- 
tions. This allows varying degrees of strength and flex- 
ibility up to the catheter shaft as is necessary. Prefera- 
bly, the distal 10 to 40 cm of the mandrel will have re- 
duced dimensions obtained, for example, by a continu- 
ous or stepwise grinding profile. Generally, more grad- 
ual changes in dimension are preferred to provide opti- 
mal transmission of push to the tip of the catheter and 
optimum trackability. Further details of the construction 
of reinforcing mandrels can be found in U.S. Patent No. 
5,242,396. 

In another preferred embodiment of the invention, 
as shown in FIG. 4, the catheter assembly includes a 
guide wire lumen 1 4' in which the second guide wire port 
15 is located distal to the inflatable balloon 12. In this 
particular embodiment, the length of the lumen 14' is 
even shorter than the lumen shown in FIG. 1 (e.g. , about 
0.5 cm to about 3 to 10 cm), and the catheter benefits 
even more from the presence of the reinforcing mandrel 
21 to help increase the pushability and strength of the 
catheter as it tracks over the guide wire 18. 

In another embodiment of the invention, as is shown 
in FIGS. 5 and 6, the catheter assembly 10 includes a 
guide wire lumen 14 in which a perfusion port 35 is pro- 
vided in the catheter shaft proximal to the inflatable bal- 
loon 12 and perfusion port 36 is provided in the catheter 
body distal to the inflatable balloon. These particular 
perfusion ports 35 and 36 help to permit the flow of blood 
through the guide wire lumen 14 when the balloon is in- 
flated to permit blood perfusion during the radiation ther- 
apy. Additional perfusion ports and perfusion lumens 
could be added to allow increased blood flow past the 
inflatable balloon, allowing the catheter to be maintained 
in the artery for a longer period of time, thereby elimi- 
nating or preventing ischemia during the treatment. Al- 
ternatively, spiral or ribbed balloons, or other similar 
centering means, could be employed to allow perfusion 
over or through the centering means. For example, an 
expandable metal cage could be used as a centering 
device. Such a cage would allow blood flow through the 
lattice of the cage. 

The catheter assemblies described herein are gen- 
erally employed after an atherectomy, percutaneous 
transluminal coronary angioplasty procedure, or stent 
implantation to a I low a radiation dose to be administered 
loan area where restenosis otherwise might develop in 
the coronary artery. It should be recognized by those 
skilled in the art that the catheter of the present invention 
can be used within the vasculature system after per- 



formance of vascular procedures other than a PTCA, a 
stent implantation or an atherectomy. 

The catheter assembly may be formed of conven- 
tional materials of construction which are described in 
detail in the prior art patents referenced herein. The ma- 
terials formed in the catheter body and the inflatable bal- 
loon can be made out of relatively inelastic materials, 
such as polyethylene, polyvinyl chloride, polyesters and 
composite materials. The various components may be 
joined by suitable adhesives such as the acrylonitrile 
based adhesive sold under the trade name Loctite 405 
by the Loctite corporation. Heat shrinking or heat bond- 
ing also may be employed where appropriate. Addition- 
ally, the catheter assembly can be made with a balloon 
material that is distensible because compression of 
plaque for this particular application is not required. The 
reinforcing mandrel can be made from a stainless steel, 
nickel-titanium (NiTi) alloys, or other suitable materials, 
such as high strength plastic. The tapers and small di- 
ameter portions of the mandrel can be formed in the 
same manner as that used in lorming small diameter 
sections on guide wires, e.g. , centerless grinding. Plas- 
tic-to-plastic or plastic-to-metal joints can be effected by 
a suitable adhesive such as Loctite 405. Additionally, the 
radiation source wire can be made from similar materi- 
als such as stainless steel, titanium, nickel titanium and 
platinum nickel alloys, or any suitable polymers and 
composites. Variations can be made in the composition 
of the materials to vary properties. 

As described herein, the catheter assembly will de- 
liver a low dosage of radiation through the body lumen, 
such as a coronary artery, and is configured to provide 
the dosage over longer periods of time if necessary. It 
is preferred that a low dosage of radiation, on the order 
of 0.1 up to 3.0 curies, be the typical radiation dose pro- 
vided to treat, for example, a coronary artery. Preferably, 
1 to 2 curies will provide a proper dosage level. 

The radiation delivered to a coronary artery should 
be in the range from about 20 to 3,000 rads and prefer- 
ably not be supplied in less than thirty seconds. The ra- 
diation dose can be delivered in less than thirty seconds, 
however, a longer time frame is desirable so that a lower 
dose rate can be maintained. 

It is contemplated that different radiation sources 
can be used, and the preferred radiation sources include 
iridium 192 - if alpha radiation is used, and phosphorus 32 , 
if beta particles are used. Further, it is contemplated that 
the radiation sources emitting beta particles or gamma 
rays to affect the target celts may be superior. However, 
alpha-emitting radiation sources also can be used, even 
though such radiation does not travel very far in human 
tissue. The use of beta- and gamma-emitting radiation 
sources is well known for treating and killing cancerous 
cells. Other modifications can be made to the present 
invention without departing from the scope thereof. The 
specific dimensions, doses, times and materials of con- 
structions are provided as examples and substitutes are 
readily contemplated which do not depart from the in- 
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Claims 

1. An intravascular catheter (10) (or delivering and 
maintaining a radioactive dose in a body lumen, 
comprising: 

an elongated catheter body (11) having a prox- 
imal end and a distal end; 
an inflation lumen (16) extending within the 
elongated catheter body to a location on a distal 
portion ot the elongated body; 
an inflatable member (12) disposed on the dis- 
tal portion ot the elongated catheter body and 
having an interior in fluid communication with 
the inflation lumen; 

a guide wire lumen (14) extending through a 
portion of the elongated catheter body for re- 
ceiving a guide wire (18); 
a first guide wire port (15) in the distal end of 
the catheter body in communication with the 
guide wire lumen and a second guide wire port 
(17) in the distal portion of the catheter body 
which is spaced a short distance from the distal 
end of the catheter body and a substantial dis- 
tance from the proximal end of the catheter 
body and which is in communication with the 
guide wire lumen; 

a blind lumen (19) extending with the elongated 
catheter body from the proximal end of the cath- 
eter body and terminating at a position near the 
distal end of the inflatable member, the blind lu- 
men adapted to receive a radiation source wire 
(23); and 

a reinforcing mandrel (21 ) disposed within the 
elongated catheter body for increasing the 
pushability and stiffness of the catheter body as 
it is tracked along a guide wire. 

2. The catheter of claim 1. wherein the reinforcing 
mandrel (21) is disposed within the blind lumen 
(19). 

3. The catheter of claim 2. wherein the reinforcing 
mandrel (21 ) is movable within the blind lumen (1 9). 

4. The catheter of claim 1. wherein the reinforcing 
mandrel (21 ) is permanently affixed within the elon- 
gated catheter body. 

5. The catheter of claim 1 , wherein the inflatable mem- 
ber (1 2) is an inflatable balloon and further including 
a plurality of a plurality of collars (33) affixed over 
the inflatable balloon to create a plurality of balloon 
sections (34) for enhancing centering of the radia- 
tion source wire (23) within the body lumen. 



6. The catheter of claim 1, wherein the radiation 
source wire (23) has a proximal end and a distal end 
which has a radiation source (24) associated there- 
with. 

5 

7. The catheter of claim 6, wherein the radiation 
source wire (23) delivers a low dosage of radiation 
to the body lumen at a position (31 , 32) where the 
inflatable balloon contacts the body lumen. 

10 

8. The catheter of claim 7, wherein the level of radia- 
tion delivered is in the range of about 20 to 3000 
rads in no less than two minutes. 

15 9. The catheter of claim 1 , wherein the inflatable mem- 
ber (12) is configured to center the radiation source 
wire (23) within the body lumen so that substantially 
equal amounts of radiation are directed to the body 
lumen. 

20 

10. The catheter of claim 1 , wherein the blind lumen 
(19) terminates in the distal end of the elongated 
catheter body and is sealed from bodily fluids in the 
body lumen. 

25 

11. The catheter of claim 1 , wherein the body lumen is 
a coronary artery and the catheter (10) is sized for 
intraluminal delivery into the coronary arteries. 

30 12. The catheter of claim 6, wherein the radiation 
source wire (23) includes a radiation source (24) 
taken from the group of radiation sources having a 
half life of less than one hundred days. 

35 13. The catheter of claim 6, wherein the radiation 
source wire (23) includes a radiation source (24) 
taken from the group which includes iridium 192 , 
cobalt 60 , vanadium 48 , gold 198 and phosphorus 32 . 

40 14. The catheter of claim 6, wherein the radiation 
source wire (23) includes a radiation source (24) 
taken from the group which includes alpha-, beta- 
and gamma -emitting radiation. 

45 is. A method of maintaining the patency of a body lu- 
men for a period of time sufficient to permit delivery 
ot a radiation source to the body lumen, comprising: 

a) providing a catheter (10) having: 

so 

an elongated catheter body (11) having 
proximal and distal ends; 
an inflation lumen (16) extending within the 
elongated catheter body to a location on a 
ss distal portion of the elongated body; 

an inflatable member (12) disposed on the 
distal portion of the elongated catheter 
body and having an interior in fluid commu- 
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nication with the inflation lumen; 
a guide wire lumen (14) extending through 
a portion of the elongated catheter body for 
receiving a guide wire (18): 
a first guide wire port ( 1 5) in the distal end s 
of the catheter body in communication with 
the guide wire lumen and a second guide 
wire port (17) in the distal portion of the 
catheter body which is spaced a short dis- 
tance from the distal end of the catheter 10 
body and a substantial distance from the 
proximal end of the catheter body and 
which is in communication with the guide 
wire lumen; 

a blind lumen (19) extending with the elon- 15 
gated catheter body from the proximal end 
of the catheter body and terminating at a 
position near the distal end of the inflatable 
member, the blind lumen adapted to re- 
ceive a radiation source wire (23): and 20 
a reinforcing mandrel (21) disposed within 
the elongated catheter body for increasing 
the pushability and stiffness of the catheter 
body as it is tracked along a guide wire; 

25 

b) positioning the guide wire (18) in the body 
lumen: 

c) advancing the catheter (10) over the guide 
wire by inserting the guide wire into the first 
guide wire port (15) of the catheter body and 30 
into the guide wire lumen: 

d) advancing the elongated catheter body over 
the guide wire by manipulating the reinforcing 
mandrel (21) until the inflation member is posi- 
tioned in the body lumen: 35 

e) expanding the inflatable member (12) into 
contact with the body lumen; 

f) centering the blind lumen (1 9) in the body lu- 
men; 

g) inserting a radiation source wire (23) in the 40 
blind lumen for delivering a radiation dose to 
the body lumen; 

h) deflating the inflatable member; and 

I) withdrawing the catheter and the radiation 
source wire from the lumen. 45 
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